Objective: To assess whether germinating pulses and beans are a potential source of vitamin C in rations for refugee communities with poor vitamin C status. Design: High pressure liquid chromatographic assessment of vitamin C content of a range of legumes following germination in light and dark and after cooking. Results: Many species of pulses produced signi®cant quantities of vitamin C up to ®ve days following germination in both light and dark although cooking caused a marked loss of ascorbate. Conclusion: Germination of approximately half of the seeds of the pulse constituents of many basic rations would be likely to generate, within a 3±5 d germination period, suf®cient ascorbate to provide the 10 mg needed to protect adults against the development of scurvy. Sponsorship: Funded in part by the Scottish Of®ce Agriculture, Environment and Fisheries Department (SOAEFD) while C Riddoch was registered for an MSc at the University of Aberdeen.
Introduction
Failure to maintain adequate vitamin C intakes has lead to numerous outbreaks of scurvy and vitamin C de®ciency-related anaemia amongst refugees in many parts of the world (Toole, 1993) . Natural dietary sources of this micronutrient such as fruit and vegetables are often unavailable to refugees because of disruption of agricultural activity, transport infrastructure and local markets. Moreover, food aid may not improve vitamin C supply as the traditional rations used in relief work have a low ascorbate content (Beaton, 1995) which can be further decreased by inappropriate storage (Riddoch, 1996) .
Forti®cation of dried rations with vitamin C is expensive and does not substantially increase vitamin C supply (Beaton, 1995) . Substantial losses occur during reconstitution with chlorinated water and cooking (Kirk et al, 1977; Beaton, 1995; Riddoch, 1996) . In addition, the rations or supplements may be unacceptable to the population in need for cultural reasons. However, pulses are often distributed in large quantities to refugees and are widely acceptable. Although ungerminated legumes contain little vitamin C, sprouted beans have long been known to be antiscorbutic (Sherwen, 1798; Carpenter, 1988) . Therefore the aim of the present study was to evaluate the in¯uence of germination and cooking on the vitamin C content of a range of pulses and their suitability as a source of vitamin C in food aid.
Methods
Ascorbic acid, EDTA, acetic acid, sodium hydroxide (all Analar grade), metaphosphoric acid (general purpose reagent grade), acetonitrile (HPLC grade) were obtained from Merck (Poole, UK). Homocysteine, ascorbic acid oxidase and myristyltrimethylammonium bromide were obtained from Sigma-Aldrich (Poole, UK).
The following pulses were purchased from local retail outlets: Red kidney beans Phaseolus vulgaris; Butter Beans Phaseolus lunatus; Green Lentils Lens culinaris; Chick peas Cicer arietinum; Blackeyed Beans Vigna sinensis; Mung Beans Phaseolus aureus; Aduki beans Phaseolus angularis; Soya Beans Glycine max; Pinto beans Phaseolus vulgaris; Sorghum Sorghum bicolor. After overnight soaking at 5 C, a portion of each of the beans (5 g) was assayed for ascorbic acid whilst the remainder was spread on damp ®lter paper in propagators and allowed to germinate at 25 C for up to 5 d. Samples of the beans (approx. 5 g) were harvested every day for ascorbic acid determination. In a separate experiment, beans were germinated in the dark by covering the propagators with aluminium foil; adjacent propagators were exposed to natural daylight. Losses of vitamin C during cooking were investigated by placing approximately 20 g of sprouted beans into 200 ml of simmering water and sampling every 5 min for forty minutes. Dry matter content of ground beans (germinated and ungerminated) was measured after drying them for 2 d at 90 C. Ascorbic acid content of the beans was determined by a modi®cation of Ross (1994) . In brief, beans (5 g) were homogenised (Ultra Turrax T25, IKA Labortechnik, Staufen, Germany) for 2 min in 240 ml of a ®ltered (Whatman 47 nm) ice-cold solution of acetic acid (1.6 M) containing 15 g of metaphosphoric acid. Following centrifugation (50006g, 20 min, 4 C), the supernatant (1 ml) was ®ltered (Millipore Milled-GS 22 mm) and the ascorbic acid content measured. using reverse phase HPLC (Gilson models 802a302a232, Anachem, Beds. UK) with UV detection. System conditions were: injection volume 20 ml, wave-length 248 nm;¯ow rate 1 mlamin; column Nucleosil ODS 55 mm, 25 cm64.6 mm ID (Jones Chromatography, Glamorgan, UK), guard column pellicular C18 reverse phase 38±40 mm packing (Anachem). The mobile phase was 25 mM myristyltrimethylammonium bromide, 0.05 M sodium hydroxide, 0.06 M acetic acid, 7.5% (vav) acetonitrile, pH 5.5. Homocysteine (100 mgaml) and EDTA (200 mgaml) were added before use.
Inter and intra-day precision were calculated from repeated measurement of a pooled extract maintained at 770 C. This extract was included at every tenth analysis. Peak identi®cation and purity were con®rmed using ascorbate oxidase. Data are presented as mean AE s.d. from three separate determinations.
Results
The intra-and inter-day coef®cients of variation were 3.6% (n 10) and 8.8% (n 14), respectively.
Prior to germination, all pulses contained less than 5 mg vitamin Cag fresh weight. The vitamin C content of all the bean species markedly increased following germination although levels in Haricot and Soya beans declined after 3 d (Figure 1 ). These were susceptible to mould which may have inhibited further growth and caused degradation of ascorbic acid.
The increase in vitamin C concentration after germination varied considerably between species (Figure 2a and b) . For example, 4 d after germination the vitamin C contents of mung beans, green lentils, fenugreek and black eyed beans ranged between 140 and 200 mgag fresh weight whereas there were less than 40 mgag fresh weight in soya and butter beans.
Vitamin C concentrations also increased when beans were germinated in the dark but not always to same extent as when germinated in the light (Figure 3) .
Vitamin C concentrations in sprouted beans decreased by about 65% within 5 min when they were immersed in boiling water (Figure 4) . Losses continued thereafter but at a slower rate. All of the beans had some ascorbic acid left after forty minutes of cooking with black-eyed beans having the most (35 mgag) probably because they had the highest pre-cooking value.
Discussion
The low content of micronutrients in the constituents for many basic rations used in relief programmes is a cause of concern to many relief agencies. Beaton (1996) estimated that micronutrient de®cits in the commonly used corn-soya or Unimix basic rations used by UN agencies and nongovernment organisations would cost about $9.6ametric tonne to rectify. Correction of vitamin C de®cit would cost about $4.5ametric tonne or approximately 46% of the total cost of forti®cation with all essential micronutrients. The fact that vitamin C de®ciency not only results in rapid development of scurvy but also exacerbates the pathological consequences of iron de®ciency adds further weight to the importance of rectifying any de®cit of this vitamin.
The expense of fortifying emergency rations with vitamin C lead us to reassess the suggestion of Sherwen (1798) that germination of the bean seeds used in a ration might improve its antiscorbutic potency. According to the current guidelines of the World Food Programme, a typical refugee ration of 1900 Kcal per capita per day would consist of 400 g of wheat¯ouramaizearice, 25 g of oilsafats, 15±20 g of sugar, 5 g of salt and 40±60 g of pulses. Our results con®rm that the vitamin C content of pulses increases greatly on germination and reaches levels that would meet vitamin C requirements even when other constituents of basal refugee rations were otherwise grossly inadequate in this micronutrient. For example, 50 g of germinated blackeye beans will supply 10 mg vitamin C, the amount needed daily to avoid scurvy. With most cultivars the recommended nutrient intake (RNI) is achievable by consumption of less than 400 g of germinated beans each day (Table 1) . Therefore, germination of approximately half of the pulse seeds in many basic rations for 3±5 d would probably generate suf®cient ascorbate to prevent scurvy.
The data of Watt & Merrill (1975) and of Tan et al, (1985) for mung beans suggest that there would be no major loss of protein, energy or other macronutrients following germination. Indeed, the nutritional value of the bean would be improved by the enzymatic destruction of phytic acid, a potent inhibitor of the absorption of zinc and iron from legumes and cereals. Emergency rations are often marginally de®cient in zinc and iron (Beaton, 1995) . Additionally, germination-induced phytate reduction as a result of increased protease and phytase activity and marked reduction in trypsin inhibitor activity increases crude protein content and releases soluble protein and minerals (Camacho et al, 1992; Sharma & Sehgal, 1992) . Moreover, germination of lentils improves their`nutritive value' by decreasing haemagglutinins and trypsin inhibitor and by increasing in vitro protein digestibility and nitrogen Vitamin C and germinating beans CH Riddoch et al solubility (el-Mahdy et al, 1985) . Increases in niacin, thiamin and ribo¯avin also occur following germination (Nnanna & Philips, 1989) . Some beans are potentially more harmful than others mainly because of differences in their lectin content. For example kidney beans are highly toxic whilst chickpeas, blackeyed beans, mung beans, and aduki beans are thought to be non-toxic (Grant et al, 1983) and may therefore be more suitable for eating raw. Selection of legume varieties low in hemaglutinins may therefore eliminate the need to cook germinated beans before consumption, thus reducing vitamin C losses during food preparation. Another consideration is the bacteriological quality of water used to promote germination. If it is acceptable it may again be possible to consume germinated beans without cooking particularly if they are soaked as a monolayer in 50 ppm sodium hypochlorite (Camacho et al, 1992) as`Puritabs' commonly available in refugee situations. The in¯uence of germination upon the content of lectins and other hemaglutinins is being investigated. Moreover, although levels of indigestible starch decrease in lentils on germination (Frias et al, 1996) , their destruction is enhanced further on heating (Vidal-Valverde et al, 1993) . Even if cooking is essential to destroy these antinutrients and starches, the proportional loss of vitamin C activity of beansprouts after 10 min would be less than that in forti®ed dehydrated potato`stabilised' with approved synthetic antioxidants (Riddoch, 1996) . Moreover, other cooking methods such as stir-frying in oil may be more effective at preserving vitamin C.
Vitamin C could also be supplied in tablet form or in boiled sweets, as in military rations, but this is even more expensive than fortifying dried foods. Moreover, these supplements may not be eaten in some countries where the population distrust the government. Such problems do not exist for sprouted beans as often they are already available and relatively inexpensive to provide. In Africa people are already familiar with the practice of`sprouting' for the manufacture of`Pwette', an alcoholic beverage, and are therefore less likely to treat this vitamin C source with distrust. Pickled vegetables such as gherkins and Saurkraut are other possible sources of vitamin C as when drained contain 1±10 mg vitamin Ca100 g fresh weight (Holland et al, 1991) . However, the bulky nature and palatability of these canned and bottled products may preclude their use under some ®eld conditions.
Conclusions
While germination of leguminous seeds used in basic rations is unlikely to totally eliminate the frequent need for improvement of vitamin C supply, it should prove suf®cient to reduce the development of scurvy and the other manifestations of de®ciency. Successful exploitation of the advantages of germination will depend upon greater care in the selection of cultivars of low lectin and antinutrient content. Such a policy is likely to enhance the value of these foods as sources of micronutrients.
